Abstract: Knowledge management (KM) plays a key role in the success of several enterprise systems, such as supply chain management (SCM). This paper discusses knowledge-enabled supply chain management (K-SCM) as it enhances the organizations' expertise in SCM. We propose a framework that integrates KM processes with SCM components. We developed an audit methodology that can be performed to assess the organization's readiness in K-SCM. The developed framework consists of KM dimensions and Supply Chain Operations Reference (SCOR) components. The proposed audit methodology is subsequently illustrated through a case of a manufacturing company based in the United Arab Emirates (UAE). The paper concludes with implications for managerial practice and future research, with a special focus on sustainable SCM.
Introduction
Global companies have always faced serious challenges in managing their supply chains because of continually-increasing customers' expectations. In recent years, this challenge has intensified with the pressure of globalization and through the proliferation of new knowledge related to enterprise information systems, shorter product life cycles, increasingly complex supply chains, and constantly changing customer demands [1] . Driven by these forces, we are in the midst of an economic transition from an era of competitive advantage based on information to an era of knowledge creation and KM.
The concepts of SCM and KM have recently gained wide attention in business and academia. Both fields focus on allocating resources to support business activities in order to gain a competitive advantage. Although they currently represent two different research areas, we see a high synergy potential in an integrated approach [2] . Intangibles, such as supplier relationship, are becoming ever more important than tangibles, such as off-the-shelf systems and technologies [3] . This increasingly knowledge-driven nature of competition is motivating change in how business systems are being managed [4] . Furthermore, in order to excel in SCM systems, companies are moving from cost-focused supply chain improvements like third-party logistics to knowledge-focused supply chain improvements by focusing on improving their knowledge and expertise in SCM [5] .
Consequently, integrating SCM with KM has created the concept of knowledge-enabled SCM (K-SCM), which allows companies to continuously upgrade the level of skills and knowledge by generating, documenting, sharing, and utilizing the latest knowledge and knowledge-based processes [6] . K-SCM also enables the focal firm to understand changes in the supplier market and be more effective in developing suppliers, which would produce successful supplier relationships that cannot be easily imitated by competition [7] . In addition, one of the critical first steps in engaging in KM initiatives is to conduct a knowledge audit. This paper builds on and extends prior studies by Daghfous et al. [8] and Daghfous and Khawaja [9] which identified and discussed the knowledge-enabled Customer Relationship Management (CRM) and K-SCM audit, respectively. Unlike K-SCM, the KCRM knowledge audit focuses on the downstream side of the focal firm's supply chain by integrating the KM, auditing, and CRM literatures.
In this paper, we focus on the upstream side of the focal firm's supply chain and show how knowledge auditing can help build a foundation for K-SCM by determining what knowledge is needed, what is available and missing, who needs this knowledge and how it would be applied. First, a literature review is provided about auditing, SCM, and KM. Then, the methodological approach and the proposed framework on K-SCM knowledge auditing are discussed in details. Subsequently, an illustrative case study is conducted by applying the framework to a UAE-based manufacturing company. We conclude the paper with implications for future research, especially in the area of sustainable SCM.
Auditing and the Knowledge Audit
Organizations are increasingly looking for ways to improve performance. One way to do that is by conducting an audit to identify gaps, evaluate processes, people, and systems, and assess whether they are achieving goals related to efficiency and effectiveness. The most general definition of an audit is "an evaluation of a person, organization, system, process, project or product" [10] . Due to practical constraints, an audit seeks to provide only reasonable assurance that the statements are free from material error.
The first step in KM initiatives is to identify where knowledge exists, created, and needed. Using a knowledge audit as a first step in developing a KM strategy could ensure that the organization is managing what is actually needed. According to Choy et al. [11] , there are five components of a knowledge audit, namely (1) pre-audit preparation, (2) employee questionnaire surveys, (3) face-to-face interviews, (4) inventory of corporate knowledge assets, and (5) knowledge map development [11] . Later, Cheung et al. [12] argued that knowledge audits can provide an evidence-based assessment of where and how the organization needs to focus its KM effort. They proposed a systematic knowledge audit approach comprised of eight phases: (1) orientation and background study, (2) cultural assessment, (3) in-depth investigation, (4) building knowledge inventory and knowledge mapping, (5) knowledge network analysis and social network analysis, (6) recommendation of knowledge management strategy, (7) deployment of KM tools and building collaborative culture, and (8) continuous knowledge re-auditing. In contrast, Wang and Xiao [13] proposed a four stage knowledge audit framework based on process. These four stages are: (1) preparatory stage, (2) analysis stage, (3) implementation stage, and (4) summary stage. Most recently, Yip et al. [14] relied on a knowledge audit methodology composed of three components as they distinguished between structured and unstructured business processes. These three components are: (1) knowledge elicitation, (2) knowledge representation, and (3) role of the researcher.
Supply Chain Management
Through effective management of the supply chain, an organization adds value to customers and various other stakeholders in terms of providing quality and efficiency in products and services. SCM has originated in the manufacturing industry and has since been implemented in various industries, including services such as retail [15] . SCM research has examined a number of problems, challenges, and opportunities to improve and even optimize functions and systems ranging from procurement of raw materials, assembly of components, to delivery of finished products to distribution centers and end customers.
New knowledge and IT have created the opportunity for companies to overcome problems in managing their supply chains. In response to these challenges, more companies are moving from cost-focused supply chain improvements to knowledge-enabled supply chain improvements by augmenting their expertise in SCM, often making it a sustainable source of competitive advantage. Although connectivity and new enterprise software solutions have acted as enablers of collaboration and information integration, most organizations still have to reassess their system of generating, documenting, distributing, and utilizing relevant knowledge about SCM.
As firms seek to demonstrate a more ethical approach to purchasing, among various SCM processes and activities, sustainable and green SCM has become a major research stream within SCM to keep pace with a growing global environmental awareness. This has translated into numerous international conferences, books, and dedicated special issues in leading journals. Srivastava [16] presented a comprehensive and integrated overview of the literature on green SCM, which he defined as "integrating environmental thinking into SCM, including product design, materials sourcing and selection, manufacturing processes, delivery of the final product to the consumers as well as end-of-life management of the product after its useful life. More recently, Carter and Easton [17] reviewed the sustainable SCM (SSCM) literature in the main logistics and SCM journals, across a 20-year time frame [17] . Other related studies focused on other areas of SSCM such as environmental logistics strategies and logistics social responsibility [18] .
The SCOR Model
The SCOR model was approved in 1996 by Supply Chain Council (SCC) which is owned by the American Production and Inventory Control Society (APICS) for organizations' use in the SCM sector around the world. As Theeranuphattana and Tang [19] put it, "The SCOR model' framework can be used as a business process reference model, which provides a framework (toolkit) that includes supply chain business processes, metrics, best practices, and technology features". The SCOR model has also been a suitable supply chain model used in industrial settings around the world. Moreover, it provides clarity and permits supply chain members to more easily reach an agreement on how to define supply chain metrics. Indeed, the SCOR model allows supply chain partners to "speak a common language" since it "provides standardized definitions for processes, process elements, and metrics. In relation to sustainability and SSCM, the SCOR model was also extended into what is termed GreenSCOR by integrating environmental considerations through processes, metrics, and best practices into SCM processes [20] .
The SCOR Model Components
The SCOR model separates supply chain operations into five main elements or categories, which are used in SCM decision making. These elements are: (1) plan, (2) source, (3) make, (4) deliver, and (5) return. In order to balance resources with requirements and meet customers' demand in an efficient and effective way, a firm should develop a strategy to manage all the necessary resources. In the planning stage of the SCOR model, the focal firm develops standards of measurement by which cost, efficiency, quality and value to customers can be assessed [21] . The focal firm selects, then, the suppliers that would deliver the goods and services needed to create products and services. The next step (i.e., sourcing) is to develop a set of pricing, delivery, and payment processes with vendors and establish standards that can be used to monitor and improve the relationships with suppliers. The firm establishes procedures to manage inventory and services which include receiving, verifying and transferring shipments to the factory.
In the manufacturing stage (make), the firm establishes a timetable of all the activities needed for production, testing, packaging and preparation for delivery of the products. Subsequently, the next step is referred to by many industry insiders as logistics. In this "deliver" stage, the firm synchronizes the orders received from potential customers, designs a warehouse network, chooses transportation carriers to deliver the products to the customers, and establishes an invoicing system to handle payments received from customers. The final stage in the SCOR model is "return", which is often referred to as reverse logistics. It is the process of managing products returned by customers, replacements, recycling, or simply disposing of excess products.
Knowledge Management
As the business environment becomes ever more complex and turbulent, organizations increasingly struggle to manage their distinctive knowledge to gain a sustainable competitive advantage [22] . In this paper, we define knowledge as a "fluid mix of framed experience, values, contextual information and expert insight that provide a framework for evaluating and incorporating new experiences and information" [23] . Hence, we argue that knowledge is the result of an incessant dialogue between explicit and tacit knowledge. While explicit knowledge is generally readily available in a form that can be shared and managed, tacit knowledge provides a management challenge as it generally resides within the heads of individuals [24, 25] . Managers, seeking effective methods to convert tacit into explicit knowledge, and to develop a knowledge-oriented culture have turned to formal KM programs to generate, codify, distribute, and utilize this tacit knowledge for wider uses across the firm [2, 26] . KM is perceived as a set of interrelated and interdependent functions or processes. These processes include knowledge creation, knowledge metrics and valuation, knowledge mapping and indexing, knowledge distribution and sharing, and knowledge storage [27] . KM programs can assist organizations to "know what they know and what they do not know". This is particularly related to the tacit knowledge that plays a vital role in the organization's survival and success in a highly competitive environment [12] .
There are several variations of KM processes described in the literature (e.g., [28, 29] ). For instance, Lawson [30] proposed a KM process with six phases, basically involving the main stages described in other studies. The process begins with knowledge creation, where a standard for the type of knowledge is established. It also involves seeking knowledge and identifying its sources. Next, knowledge capture occurs where new knowledge is generated [30] . The knowledge captured undergoes filtration based on its usefulness, relevance and newness, evaluation, and structuring in the knowledge organization stage [29, 31, 32] . Then, knowledge storage takes place, where knowledge is preserved in databases and data warehouses that are accessible and secure [29, 31] . The dissemination phase follows, where knowledge is passed on to employees across the organization [33] . Fugate et al. [29] argued that knowledge dissemination should be selective, where users receive knowledge relevant to their needs, and fast to maintain the integrity of the knowledge when it is used, before becoming outdated. Lastly, the knowledge utilization phase requires the use of knowledge to support the organization's objectives such as in decision-making [31] [32] [33] [34] .
The interdisciplinary fields of KM and SCM are growing areas of research [35] . Cantor et al. [36] showed the positive role of KM in supply chain risk mitigation. Diaz and Bailey [37] proposed the use of a defined KM framework for inventory control and identify and assess risks associated with this inventory and demand. Fugate et al. [33] identified the role of KM in creating competitive advantage on a global scale. Kogut and Zander [38] asserted that the growth of firm knowledge is a function of its knowledge stock as well as its continuous search for new knowledge elements and potential integration opportunities. Knowledge stock reflects the amount of knowledge elements that a firm has accumulated over time [38] and it is embedded in organizational routines, technologies, employees, and other types of resources [39, 40] . Further, the existing type and level of knowledge stock in a firm influences its ability to absorb as well as generate new knowledge [41, 42] . Hence, managing SCM knowledge has become an essential ingredient for superior supply chain performance [33] . Nonetheless, there remain areas that are understudied such as the impact of KM on firm performance in supplier-supplier relationship and factors that affect KM adoption, application, and storage in the supply network [33] .
In their conceptual study, Ellram and Cooper [43] attested that looking at SCM as a philosophy provides an understanding of how SCM integration with other disciplines can contribute to competitive advantage. However, they briefly mentioned KM as a potentially beneficial candidate for cross-disciplinary integration with SCM, without providing details about the intricacies and promises of linking SCM with KM. In their systematic review of 176 articles published between 2001 and 2014 on the topic of KM in SCM, Bhosale and Kant [44] found that the vast majority of these articles were published after 2006. The relative newness of this link suggests that there are ample opportunities for research that integrates KM in SCM. Their study also found that the remarkable increase in attention to the importance of KM in SCM has focused on supply chain performance, relationships, and integration. On the KM side, the majority of such research has emphasized knowledge sharing and transfer.
More recently, the SCM literature has shown an increasing interest in knowledge and KM. Yang [45] provided empirical evidence for the impact of knowledge creation and distribution in the logistics function on firm performance. Knowledge sharing, among members of supply chain, has also been hailed as an important determinant of supply chain integration and performance. For instance, Bruque-Cámara et al. [46] found that when supply chain members manage trust and knowledge simultaneously, they become more fully committed to supply chain effectiveness through better delivery outcomes and greater flexibility. Nevertheless, internal integration through knowledge sharing has been recommended as a prerequisite to external integration [47] . This prerequisite has also been empirically supported in the study by Handfield et al. [48] , wherein they showed that "increased levels of internal alignment facilitate the exchange and flow of knowledge between supply managers and supplier firms". Consequently, improving levels of knowledge would increase performance. The relationship between KM and supply chain performance has also been examined based on the SCOR model. For instance, Sangari et al. [31] employed structural equation modeling and a sample of 78 manufacturers to investigate the impact of KM processes on four of the five components of the SCOR model, as measures of supply chain performance.
The K-SCM Knowledge Audit: A Methodology
The knowledge audit methodology for KCRM is used as a template for the methodology for K-SCM, which will be discussed below. The concept of K-SCM knowledge audit lies at the nexus of the KM, auditing, and SCM literatures ( Figure 1 ). The knowledge auditing process has been applied to knowledge-enabled CRM programs to identify and maximize the utilization of both existing and untapped customer knowledge resources [49] (also see Tiwana [50] ; Tiwana [51] , and Daghfous et al. [8] ). It has also been used to better understand the processing and utilization of customer knowledge, to identify the gaps, barriers, and deficiencies of KCRM processes, and to achieve a better understanding of customer expectations [49] . The KSCM knowledge audit approach outlined in this paper provides a framework for ensuring that the various stages of the SCOR model are knowledge-enabled via a systematic approach to KM. increase in attention to the importance of KM in SCM has focused on supply chain performance, relationships, and integration. On the KM side, the majority of such research has emphasized knowledge sharing and transfer.
The knowledge audit methodology for KCRM is used as a template for the methodology for K-SCM, which will be discussed below. The concept of K-SCM knowledge audit lies at the nexus of the KM, auditing, and SCM literatures (Figure 1 ). The knowledge auditing process has been applied to knowledge-enabled CRM programs to identify and maximize the utilization of both existing and untapped customer knowledge resources [49] (also see Tiwana [50] ; Tiwana [51] , and Daghfous et al. [8] ). It has also been used to better understand the processing and utilization of customer knowledge, to identify the gaps, barriers, and deficiencies of KCRM processes, and to achieve a better understanding of customer expectations [49] . The KSCM knowledge audit approach outlined in this paper provides a framework for ensuring that the various stages of the SCOR model are knowledgeenabled via a systematic approach to KM. In this paper, we rely on the knowledge auditing approach proposed by Tiwana [50, 51] , which involves three major steps: (1) initiate the audit (i.e., define the goals, assemble the team, and identify constraints); (2) select reference measures and methods (i.e., determine the "ideal state", select the audit method, establish specific audit dimensions); and (3) perform the audit (i.e., ask the questions and document the knowledge assets into a knowledge inventory). The framework proposed in this paper focuses on the extent to which KM processes are explicitly put in place to facilitate K-SCM approaches, rather than on developing a content inventory of knowledge assets. Performing the audit involves asking targeted process-related questions and documenting the processes in place. Our proposed framework, however, includes a fourth, and final step in the knowledge audit, namely the use of the audit findings to generate ideas for using KM to improve K-SCM approaches. In this paper, we rely on the knowledge auditing approach proposed by Tiwana [50, 51] , which involves three major steps: (1) initiate the audit (i.e., define the goals, assemble the team, and identify constraints); (2) select reference measures and methods (i.e., determine the "ideal state", select the audit method, establish specific audit dimensions); and (3) perform the audit (i.e., ask the questions and document the knowledge assets into a knowledge inventory). The framework proposed in this paper focuses on the extent to which KM processes are explicitly put in place to facilitate K-SCM approaches, rather than on developing a content inventory of knowledge assets. Performing the audit involves asking targeted process-related questions and documenting the processes in place. Our proposed framework, however, includes a fourth, and final step in the knowledge audit, namely the use of the audit findings to generate ideas for using KM to improve K-SCM approaches.
Step 1: Initiate the Audit
The initiation phase of the knowledge audit involves defining the key goals to be achieved throughout the audit, assembling the team, and considering any existing constraint or limitation that may hamper the audit [50] . For the purposes of the proposed K-SCM knowledge audit, the goal is to identify how the organization integrates and applies principles of KM and SCM to deliver competitive advantage, and how, when, and to what extent supporting tools are used to facilitate K-SCM [51] . Given the cross-functional nature of SCM programs [52, 53] , audit teams should ideally include representatives from the sales, marketing, research and development (R and D), and operations departments [54] .
Step 2: Select Reference Measures and Methods
The second stage of the knowledge audit involves determining the 'ideal state', selecting the audit method, and establishing specific audit dimensions [50] . As the 'ideal state' is context specific, identifying performance metrics and benchmarks allows the organization to monitor progress toward achieving the highest levels of knowledge-enabled SCM. Knowledge audits can employ a range of methodologies, such as ethnographic studies, field observations, surveys, interview, and/or self-assessment check-lists [55] . Specific audit dimensions can vary considerably, depending on the frameworks and models adopted from the literature. For the purposes of the proposed K-SCM knowledge audit, audit dimensions should include both KM and SCM processes, as shown in Table 1 .
In our integrated framework, a knowledge audit inspired by the K-CRM knowledge audit (see [2] ) is developed and illustrated; and we called it the K-SCM knowledge audit. We integrate the four processes of KM discussed above (i.e., knowledge generation, codification, distribution, and utilization) with the five SCOR model components (i.e., plan, source, make, deliver, and return) (see Figure 2) . 
Step 1: Initiate the Audit
Step 2: Select Reference Measures and Methods
In our integrated framework, a knowledge audit inspired by the K-CRM knowledge audit (see [2] ) is developed and illustrated; and we called it the K-SCM knowledge audit. We integrate the four processes of KM discussed above (i.e., knowledge generation, codification, distribution, and utilization) with the five SCOR model components (i.e., plan, source, make, deliver, and return) (see Figure 2) . As a result of integrating KM processes with SCOR components, we developed a matrix (see Table 1 ). The proposed K-SCM knowledge audit covers every cell in this matrix by superposing KM processes with SCOR components. For example, cell "3b" relates to the process of knowledge codification as an enabler for the "Make" process in SCM.
The four KM phases shown in each row include:
1. Knowledge generation: recognizing and creating new knowledge by monitoring the activities and behaviors of stakeholders. 2. Knowledge codification: converting knowledge into a documented form and storing it for future use. It facilitates the search and retrieval of relevant knowledge from the repositories. It also enables stakeholders to apply this knowledge in their decision-making. As a result of integrating KM processes with SCOR components, we developed a matrix (see Table 1 ). The proposed K-SCM knowledge audit covers every cell in this matrix by superposing KM processes with SCOR components. For example, cell "3b" relates to the process of knowledge codification as an enabler for the "Make" process in SCM.
1.
Knowledge generation: recognizing and creating new knowledge by monitoring the activities and behaviors of stakeholders.
2.
Knowledge codification: converting knowledge into a documented form and storing it for future use. It facilitates the search and retrieval of relevant knowledge from the repositories. It also enables stakeholders to apply this knowledge in their decision-making.
3.
Knowledge distribution: disseminating knowledge throughout the organization using "push" or "pull" technologies depending on the organization's culture and infrastructure. In the "pull" approach, users are expected to search for knowledge themselves either from existing knowledge repositories or organization memories. On the other hand, the "push" approach provides knowledge to users in terms of electronic newsletters, traditional class-room learning, or training [56] .
4.
Knowledge utilization: deploying knowledge and providing necessary feedback to stakeholders so that they are able to solve specific problems. The resulting cells shown in Table 1 provide specific areas of assessment during the K-SCM knowledge audit. The audit questions relating to each of these sixteen cells were based on the studies by Liebowitz [57] , Reinartz et al. [58] , and Tiwana [59] . After reviewing the weaknesses and strengths of various questionnaires we developed a set of eighty questions. In order to determine the validity of the questions, we interviewed university professors and four practitioners who had been practicing KM and SCM for several years. Once these interviews were completed, we conducted a pre-test where students were asked individually to evaluate the questionnaire and comment on its clarity and understandability. Based on the feedback received, we clarified a few questions and removed six of the 80 questions, leaving us with 74 final questions.
Step 3: Perform the Audit
The third stage of the proposed K-SCM knowledge audit involves applying the specific audit questions and documenting the audit findings. We used a scoring mechanism for documenting the audit findings according to the extent to which tacit knowledge has been translated into explicit knowledge [59, 60] . A rating from 0 to 8 was assigned by the auditor based on the answers related to a particular cell. Once a rating is assigned based on the answer to each question in each cell, an average score can be calculated for each cell and an average for each column can be calculated for further consideration. Subsequently, totals for each column and row were calculated to permit comparisons and analyses of low and high scoring SCM and KM activities. In this study, we are more interested in the SCM related activities. Therefore, we only calculate an average for each column. A low score relative to the scoring in other cells signals a need for K-SCM process improvement, potentially through better deployment of information systems.
Step 4: Develop a Plan for Process Improvement
The results obtained from stage three can be used in stage four to identify knowledge gaps and process improvement opportunities within the organization's K-SCM program. The primary focus of this step consists of developing an improvement plan to create procedures that describe how the organization should operate. The next section of this paper provides a case study example to illustrate steps three and four of this approach to K-SCM knowledge auditing. In our integrated framework, a knowledge audit inspired by the K-CRM knowledge audit (see [2] ) is developed and illustrated. We integrate the four processes of KM discussed above (i.e., knowledge generation, codification, distribution, and utilization) with the five SCOR model components (i.e., plan, source, make, deliver, and return) (see Figure 2 ).
The K-SCM Knowledge Audit: An Illustrative Case
Illustrative cases are primarily descriptive studies that typically utilize one or two instances of an event to show what a situation is like. Illustrative case studies mainly aim at making the unfamiliar familiar and give readers a common language about the topic in question. Case studies can also be illustrative in the sense of providing empirical exemplars of the embodiment of particular theories [61] . The company selected was a UAE-based manufacturing firm that offers advanced cable technology and related solutions. It had two factories in the UAE (Abu Dhabi and Dubai). The company, jointly owned by the governments of Dubai and Abu Dhabi (50% each), had one of the most modern manufacturing units in the region, occupying an area of 590,000 square meters of land in Dubai and nearly 200,000 square meters in Abu Dhabi. It produced over 65,000 copper tons equivalent of low and medium voltage cables; and it was emerging as a leader and a prime choice for prestigious customers in the Middle East region.
Data Collection and Analysis
To collect the necessary data for this study, face-to-face interviews were conducted mainly with IT and SCM managers. Face-to-face interviews have an advantage over other methods such as emails in providing a high degree of interaction between the interviewer and the interviewees [62] . The data from each interview was either recorded on audio-tape or recorded on papers. All participants were knowledgeable about both their company's KM and SCM policies and practice. The interviews typically lasted between one and two hours, averaging ninety minutes. To ensure the objectivity of the data, anonymity of the interviewees and confidentiality of their responses are maintained. Other methods were used to collect the data include emails and telephone conversations.
The K-SCM knowledge audit followed the framework in Table 1 . It is worth mentioning that a large portion of the questions were kept wide to give the interviewees great latitude in their answers. In addition, we encouraged the interviewees to focus on practical issues rather than on abstract concepts. By doing so, we could get the interviewees to take us through the actual process step-by-step, giving us a deeper understanding of the situation under study. In the familiarization stage, a full transcript of the data that was collected from the face-to-face interviews was compared with the interview notes and those collected from emails and telephone conversions. This enabled us to fully understand the data and fill any gaps in the transcripts. In the reflection stage, we summarized the data collected via face-to-face interviews for each interview. We, then, examined the overall results and made detailed notes representing interviewees' opinion. Then, we summarized the results into clusters. By doing so, we were able to compare our results with the theory and the results of prior research. The results and key findings are shown in Table 2 . The K-SCM knowledge audit was conducted in the chosen company's SCM function as an illustration of the detailed application of the integrative framework developed above. The audit was conducted through interviews with the company's information and supply chain managers. The managers were asked several questions related to each cell in the matrix. After analyzing answers of the interview questions, we assigned the scores for each cell in the K-SCM knowledge audit based on the Bohn's scale of tacit/explicit knowledge (see Table 3 ). Table 3 . The Tacit/Explicit Knowledge Scale (adapted from Bohn [60] and Tiwana [50] ).
Stages of Knowledge Description Stage 1:
There is no knowledge available and no specific process for making a decision. Instead, everything is done by trial and error. The company does not have a process in place allowing it to distinguish positive vs. negative outcomes.
Stage 2:
Tacit knowledge is available and held by certain individuals. There is no process in place to translate this tacit into explicit knowledge, and no systematic process for making explicit knowledge available for decision-making.
Stage 3:
Tacit knowledge is made available in the form of heuristics (i.e., rules of thumb) that usually work well to enable decision-making.
Stage 4:
Some tacit knowledge is codified, but there is no evidence that this codified (i.e., explicit) knowledge is systematically used within the company.
Stage 5:
There is evidence of a process for making explicit knowledge available. However, in order to use this knowledge optimally for decision-making, employees require access to tacit knowledge held by certain people within the company. There is no evidence that this access is systematic or stable.
Stage 6:
Explicit knowledge is available to enable decision-making under typical circumstances. However, in special circumstances, input may be required from the tacit knowledge held by certain individuals within the company. There is some evidence of a systematic process for accessing this tacit knowledge when needed. Explicit knowledge is revalidated every time it is used.
Stage 7:
Scientific models of the processes exist, and irrelevant practices are regularly recognized and eliminated. Tacit knowledge is used at a minimum level. Explicit knowledge is revalidated every time it is used. Explicit knowledge can be used to simulate conditions and conduct what-if analyses, and these analyses enable the company to modify behaviour accordingly. Knowledge sharing is supported by the company's culture, and any harm caused by the loss of an employee is minimized due to strong processes of knowledge codification.
Stage 8:
Complete explicit knowledge is available for decision-making. There is a systematic process for regularly codifying tacit knowledge. This is an ideal state, very rarely achieved.
The K-SCM knowledge audit was conducted at CableCo's SCM as an illustration of the detailed application of the integrative framework developed previously. The managers were asked questions about each cell in the matrix, which means about each KM and SCM area. The following are examples of the interview questions and a summary of the findings:
1.a How does the company learn about processes, techniques, methods, and IT solutions in SCM strategy planning, measuring performance, and development of SCM?
The company has an academy to develop, research, and trains our employees about the new trends in the SCM strategy and planning, but only experienced people can do that.
1.b How does the company document knowledge used or acquired in SCM strategy planning, measuring performance, and development of SCM?
The company has a content management system that enables documentation with multimedia capabilities, but very few employees know how to use it.
1.c How does the company internally distribute and share knowledge used or acquired in SCM strategy planning, measuring performance, quality, and development of SCM? (Share internally within the SCM or across departments)
Every month top supply chain managers, middle managers, and operation managers meet and discuss both formally and informally issues about supply chain strategy, performance, quality, and how to improve them.
1.d How does the company utilize acquired or documented knowledge in SCM strategy planning, measuring performance, quality, and development of SCM?
Usually when they decide to engage in a new SCM initiative or development plans, there are controls to measure to what extent employees are performing them right. Therefore, after training or learning employees make sure to follow the new controls and process and utilize the new knowledge.
2.a How does the company learn about processes, techniques, methods, technologies, and IT solutions in managing supplier relationship, purchasing, and receiving processes, and inventory management?
There is no a specific procedure for that. However, there are some employees that are responsible and have the expertise to research and learn about inventory and supplier relationships.
2.b How does the company document knowledge used or acquired in managing supplier relationship, purchasing and receiving processes, and inventory management?
There are very useful manuals and documentation in purchasing, receiving, inventory, and supplier relationship that are updated regularly. However, there are certain employees that are responsible to do that; not everyone can.
2.c How does the company internally distribute and share knowledge used or acquired in managing supplier relationships, purchasing and receiving processes, and inventory management? (Share internally within the SCM or across departments)
There is no special procedure for knowledge sharing in supply chain sourcing. However, we usually do that in meetings and informally. We rely on rules of thumb.
2.d How does the company utilize acquired or documented knowledge about the supplier relationship, purchasing and receiving processes, and inventory management?
Just like in planning, there are always new controls to measure the utilization of new knowledge and initiatives but if these controls are not set by certain supply chain manager, no one can utilize the new knowledge.
3.a How does the company learn about processes, techniques, methods, technologies and IT solutions in manufacturing, testing, and packaging?
CableCo depends on some very specific senior engineers and consultants about the manufacturing methods and quality testing techniques.
3.b How does the company document knowledge used or acquired in manufacturing, testing, and packaging?
There are large manuals that are updated regularly about all the manufacturing methods and technologies, and the documentation of any new process is well-structured.
3.c How does the company internally distribute and share knowledge used or acquired in manufacturing, testing, and packaging? (Share internally within the SCM or across departments)
There are many publications and brochures that are distributed to all departments to provide the methods and technologies used in manufacturing, packaging and testing. The knowledge in this area is very important and everyone in the company must know about it.
3.d How does the company utilize acquired or documented knowledge about the manufacturing, testing, and packaging?
The utilization in manufacturing relies on the controls and supervision of the senior engineers in the factories. There are no structured methods. CableCo depends on the tacit expertise of the senior engineers that chose to use new knowledge.
4.a How does the company learn about processes, techniques, methods, technologies and IT solutions in managing customer orders, logistics, and invoicing?
CableCo is partnering with an external business solutions provider to help them stay updated with the latest trends in logistics and ordering. The job of this external agency is to provide CableCo with structured and new knowledge in SCM delivery.
4.b How does the company document knowledge used or acquired in managing customer orders, logistics, and invoicing?
The external agency is also providing all the documentation to help CableCo's employee with all the resources they need in delivering their products.
4.c How does the company internally distribute and share knowledge used or acquired in managing customer orders, logistics, and invoicing? (Share internally within the SCM or across departments)
Usually, senior supply chain managers learn about all the new knowledge provided by the external agency and give training sessions, presentations, and documents to share and distribute the knowledge with SCM middle managers and operation managers.
4.d How does the company utilize acquired or documented knowledge about managing customer orders, logistics, and invoicing?
Senior supply chain managers set controls in training and presentations and carefully supervise the performance of the employees to encourage the utilization.
5.a How does the company learn about processes, techniques, methods, technologies, and IT solutions in managing the return of defective or excess products, and customer support?
CableCo does not have a lot in reverse logistics; therefore, there are structured method for learning about reverse logistics in the academy. The company relies on the knowledge and decisions of senior supply chain managers to do reverse logistics tasks.
5.b How does the company document knowledge used or acquired in managing the return of defective or excess products, and customer support?
The company relies on the decisions of senior SCM and does not have a structured method for documenting knowledge in this area.
5.c How does the company internally distribute and share knowledge used or acquired in managing the return of defective or excess products, and customer support? (Share internally within the SCM or across departments)
Since it is unusual to have reverse logistics, the company relies on the expertise of the senior supply chain managers to share knowledge with other employees.
5.d How does the company utilize acquired or documented knowledge about managing the return of defective or excess products, and customer support?
Since it is unusual to have reverse logistics, the company relies on the expertise of the senior supply chain managers to set controls to measure the utilization of knowledge in this area.
Analysis and Evaluation
After analyzing answers of the interview questions, we assigned the scores for each cell in the K-SCM knowledge audit based on the Bohn's scale of tacit/explicit knowledge (see Table 3 ). Upon assigning scores and calculating totals in the framework of K-SCM knowledge audit, we analyzed the results and identified possible weaknesses, strengths, and gaps. This would help the firm understand where its SCM function (processes, activities, systems, and initiatives) stand in terms of knowledge and KM. It would also help determine how ready the firm is to engage in K-SCM, as well as identify opportunities for improvements. The results shown in Table 4 indicate that the "planning" component of the SCOR framework had good scores since the firm had structured methods for all the four KM activities. However, for the "source" component, the tacit nature of knowledge was quite high. In the "make" component, the firm also relied on some tacit knowledge of its senior factory engineers who controlled the processes of knowledge generation and utilization. Meanwhile, the "delivery" component was the best structured and the least tacit in the firm's SCM function. There were structured methods for every KM process. The apparent reason behind this was that the firm was outsourcing the logistics component to an external agency, which seemed to have good KM. Finally, it appeared that the main knowledge weakness of the firm in this case study was the reverse logistics component of the SCM process. The company relied completely on the tacit knowledge of its senior supply chain managers with regard to return SCM. 
Managerial Implications
The firm's SCM components exhibited good knowledge sharing and documenting methods. However, this firm should consider better deployment of specific enabling tools that help facilitate knowledge generation and utilization. Moreover, reverse logistics was a major issue and the company should learn more about the application of SCM returns and decrease its reliance on the tacit knowledge of specific senior supply chain managers. Indeed losing these key people (i.e., sole knowledge owners) could cause major problems. The company should also build reverse logistics scenarios and engage middle and operation managers in decision-making more often to make this process more structured/explicit and less tacit. Thereafter, it should document the related steps and processes.
Summary, Limitations, and Implications for Sustainable SCM

Summary and Limitations
This paper developed and introduced a methodology for the K-SCM knowledge audit, which combines KM processes with SCM's SCOR model components. This new concept would enable companies to improve their expertise and leverage their knowledge in the SCM function. It also fosters knowledge generation, codification, distribution, and utilization in the supply chain.
Further, we urge firms to resort to our auditing methodology to determine where to start and where the company stands, in terms of augmenting SCM with knowledge and KM systems and processes. The knowledge audit for K-SCM assesses the current level of KM in the SCM function and identifies the opportunities for improvements. After developing and proposing a framework that uses dimensions of KM and SCOR model components, we performed the audit in a UAE-based company by focusing on its supply chain operations.
The results of the interviews determined the scores mapped to each cell in the matrix of the framework and allowed us to analyze and assess the company's level of K-SCM. Future research should undertake more field studies as well as survey methodologies to confirm, identify and explore the linkages between K-SCM knowledge audit scores and various measures of SCM performance. In addition, future research should investigate how knowledge auditing approaches could be applied to other operations and general management processes, such as process redesign, continuous improvement, new product development, and SSCM.
Implications for Sustainable SCM (SSCM)
In this subsection, we focus on sustainability in the SCM function and link it to the K-SCM knowledge audit proposed above. Sarkis et al. [63] relied on various organizational theories to investigate the adoption, diffusion and outcomes of green SCM practices [63] . Such literature reviews outlined numerous opportunities for further advancing theory, methodology, and the managerial relevance of future inquiries. More relevant to our study is Sarkis et al.'s [63] assertion that there is a dearth of research on the value and contribution of knowledge sharing, capabilities development, and learning in the adoption and successful implementation of SSCM practices [64] .
In practice, there are several ways in which firms could implement sustainability to reduce waste and decrease the impact of supply chain activities on the environment. For instance, they could embark on decreasing packaging, producing recyclable goods, buying locally in order to decrease fuel costs, following an efficient distribution process, and working with suppliers to further reduce their negative environmental impact. Therefore, firms can incorporate sustainability initiatives at every stage of the SCOR model. In addition to the increasingly common practices of sustainability auditing, focal firms could map SSCM initiatives onto the K-SCM knowledge audit framework proposed in this paper, thereby enhancing the success of their various SSCM initiatives.
For instance, firms could generate new SSCM knowledge by investing in exploratory experiments and learning programs related to new techniques, ideas, trends, and best practices that can be used to launch new SSCM initiatives or improve existing ones. Tacit knowledge related to SSCM should be codified and disseminated throghout the organization to maximize its value and its impact on customer satisfaction, supply chain performance, and achieve other sustainability objectives, such as waste reduction, social responsibility, and environmental protection. As mentioned above, these knowledge-enabled and even knowledge-enhanced SSCM initiatives should be proactively initiated at each stage of the SCOR model. For instance, a knowledge repository could greatly enhance the focal firm's ability to select the most sustainable suppliers. Knowlede transfer to key suppliers could also be planned to develop key suppliers' capabilities with respect to SSCM, several tiers upstream.
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